worsen the bleeding caused by ASA and clopidogrel. 19, 20 Inhibition of cyto chrome P450 by certain SSRIs has also been associated with increased risk of drug interaction causing bleeding; 21 however, data on this issue are scarce. We examined the risk of bleeding associated with the use of SSRIs when combined with single and dual antiplatelet therapy among patients following acute myocardial infarction.
Methods

Study population and data sources
We conducted a population-based, retrospective cohort study using hospital discharge abstracts, physician billing information, medication reimbursement claims and demographic data from the provincial health services administrative databases in Quebec for the period January 1997 to August 2007. In this Canadian province, coverage for outpatient and inpatient physician services is provided for the entire population (about 7.5 million people). In addition, people aged 65 years and older (more than 965 000), people who receive social assistance (more than 500 000) and those who do not have collective private drug insurance (about 1.7 million), such as self-employed individuals, have their prescription drugs covered by the provincial government. The administrative databases are linkable through a unique patient identifier. We obtained permission to link the data from the ethics board in Quebec (Commission d'accès à l'information).
Inclusion and exclusion criteria
We included patients 50 years of age and older who were discharged from hospital between January 1998 and March 2007 with a primary diagnosis of acute myocardial infarction (International Classification of Diseases 9th revision code 410.x [before April 2006] or 10th revision code I21.x). For patients who were admitted more than once because of acute myocardial infarction during this period, we included only the first admission. We excluded patients who had been admitted to hospital because of acute myocardial infarction or gastrointestinal bleeding during the year before the discharge date, and those with any bleeding episode during the index admission. Only patients who were discharged home were included, because medication data were available only for such patients.
Patient characteristics at discharge
We obtained data on the following patient characteristics assessed at hospital discharge: age, sex, comorbid conditions (diabetes, cancer, renal failure, congestive heart failure, and anemia or other hematologic disease [as assessed from diagnoses in the hospital discharge abstracts]) and cardiovascular procedures during the index admission (percutaneous transluminal coronary angioplasty, coronary artery bypass surgery or cardiovascular surgery). Physician billing information in the year before the index admission was reviewed to assess history of gastrointestinal events (diagnosis of ulcer, upper or lower gastrointestinal investigations, use of Hp-PAC to treat Helicobacter pylori infection, and visits to gastroenterologists), history of hemorrhagic stroke, and other bleeding. We also obtained data on the following prescriptions dispensed at discharge: anticoagulants, cortico steroids, traditional non steroidal anti-inflammatory drugs, COX-2 (cyclooxygenase-2) inhibitors and proton pump inhibitors.
Definition of exposure episodes
Patients were separated into six exposure categories according to study medication(s) dispensed: three categories for antiplatelet therapy (ASA alone; clopidogrel alone; and ASA and clopidogrel together), and three for antiplatelet therapy combined with an SSRI (the three above categories combined with an SSRI). The SSRIs studied were citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine and sertraline. Periods when patients were not in any of these six exposure categories were excluded from the analyses (see "Statistical analysis").
Patients were considered exposed to a medication during the days supplied for that medication plus a grace period of seven days. For example, a patient who was supplied 30 days of clopidogrel and, on day 10, was supplied 30 days of an SSRI was included in the clopidogrel-only category from day 1 to 10, the clopidogrel and SSRI category from day 11 to 37, and the SSRIonly category from day 38 to 47. Each patient may have been included in more than one exposure category if he or she stopped or changed treatment during follow-up.
Patients were followed until admission to hospital due to a bleeding episode, admission to hospital due to recurrent acute myocardial infarction, death or the end of the study period (August 2007).
Definition of outcome
Bleeding was defined as a bleeding episode (gastrointestinal bleeding, hemorrhagic stroke or other bleeding) that either necessitated admission to hospital or occurred in-hospital during follow-up. Bleeding was identified using primary or secondary hospital discharge diagnoses 
Statistical analysis
We used polytomous logistic regression models to compare patient characteristics between exposure categories. All patient characteristics were initially included in the models. A backward selection was used whereby a variable that was not significant at the 0.10 level was removed from the model. Multicolinearity was assessed using the variance inflation factor. A factor of 10 or greater indicates multicolinearity. 22 We examined the goodness-of-fit of the model using the C statistic 2 3 and receiveroperating-characteristics curves plotted for SSRI and ASA versus ASA alone, and for SSRI, ASA and clopidogrel versus ASA alone. A larger value of C indicates a better fit.
We constructed Cox regression models to examine the association between exposure to study drugs and risk of bleeding during followup, with time-dependent exposure adjusted for pa tient characteristics and comorbid conditions. A backward selection was used whereby we removed variables that were not significant at the 0.10 level and whose removal from the model did not alter the estimate of the variable of interest (exposure to a study drug) by more than 10%. Periods when patients were not in any of the exposure categories were excluded from the model to facilitate the analysis. Therefore, discontinuous periods were considered. 24 Hazard ratios (HRs) with 95% confidence intervals (CIs) are reported.
We conducted several sensitivity analyses to assess the robustness of the results to the methods used and potential drug-drug interactions. First, we restricted the outcome to gastrointestinal bleeding. Second, we excluded patients who had any bleeding episode in the year before the index admission. Third, because the SSRIs included in our study had high (fluoxetine, paroxetine and sertraline) and intermediate (citalopram, escitalopram and fluvoxamine) affinity to serotonin transporters, we investigated the risk of bleeding by SSRI affinity. 25 Fourth, we investigated the risk of bleeding associated with use of antidepressants other than SSRIs. In a fifth analysis, we excluded patients who were using SSRIs or proton pump inhibitors with clopidogrel, because SSRIs, especially fluoxetine and sertraline, as well as proton pump inhibitors may inhibit activation of clopido grel.
26−29 Sixth, we re moved the use of anticoagulants from the models to investigate the possibility of over-adjustment. Finally, we conducted an analysis in which we adjusted for Charlson Comorbidity Index scores.
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Results
Study population
Our cohort included 27 058 patients. More than half were taking ASA alone, and about 3% were taking an SSRI in combination with antiplatelet therapy at discharge ( Figure 1 , Table 1 ).
Compared with patients who were taking ASA alone, those taking ASA and an SSRI were more likely to be older, to have renal failure, to have taken antihypertensive agents or antidepressants in the year before the index admission, and to be taking a cortico steroid ( Table 2) . Compared with patients taking dual antiplatelet therapy (ASA and clopidogrel), those taking dual antiplatelet therapy and an SSRI were more likely to be older, to have taken antihyperglycemic medications or antidepressants in the year before the index admission, and to have anemia or another hematologic disease ( Table 2) .
Risk of bleeding associated with exposure to study drugs
The periods included in the analyses totalled 80 991 patient-years, during which 1070 episodes of bleeding occurred (Table 3) .
After adjustment for baseline patient characteristics, we found that the use of an SSRI combined with any form of antiplatelet therapy was (Figure 2 ).
Risk of bleeding associated with other patient characteristics
Patient characteristics that were independently associated with an increased risk of bleeding were age, cancer, renal failure, congestive heart failure, anemia or other hematologic disease, use of anticoagulants or corticosteroids at discharge, prior use of antihyperglycemic or antihypertensive agents, history of peptic ulcer disease, history of bleeding other than gastrointestinal bleeding and prior visit to gastroenterologist ( Figure 3 ). Women and pa tients who underwent percutaneous transluminal coronary angioplasty appeared to be at lower risk of bleeding. Note: ASA = acetylsalicylic acid, CI = confidence interval, NA = not applicable, OR = odds ratio. *Adjusted for cardiovascular surgery, coronary artery bypass surgery, hemorrhagic stroke, gastroscopy, use of nonselective nonsteroidal anti-inflammatory drug at discharge and use of cyclooxygenase-2 (COX-2) inhibitor at discharge. †The number of patients satisfying this condition was too low to allow inclusion of the variable in the model. Analyses investigating the risk of bleeding associated with antidepressants other than SSRIs did not reveal any increased risk. The results of the main analysis did not change significantly when we excluded patients who had any bleeding episode in the year before the index admission, or when we excluded patients who used clopidogrel, a proton pump inhibitor and either fluoxetine or sertraline. Removal of anticoagulant use from the model or adjusting for Charlson Comorbidity Index scores did not alter the results significantly either.
Sensitivity analyses
Interpretation
Patients taking an SSRI to gether with ASA or dual antiplatelet therapy following acute myocardial infarction were at increased risk of bleeding. Our findings showed that the use of ASA or clopidogrel alone was associated with a similar risk of bleeding. Compared with ASA alone, the combined use of an SSRI and ASA was associated with a 42% increase in risk, and the combined use of clopidogrel and ASA was associated with a 49% increase in risk. The addition of an SSRI to dual antiplatelet therapy (ASA and clopidogrel) increased the risk by 57% compared with dual antiplatelet therapy alone. The risk of bleeding among patients taking clopidogrel and an SSRI was higher than that among patients taken clopidogrel alone, although the number of patients using this combination was not large enough to confirm the finding. These results did not vary by SSRI affinity or when we removed patients using drugs that may interact with clo pidogrel (proton pump inhibitors, sertraline and fluoxetine).
As found in a previous study, 31 age was an independent risk factor for bleeding necessitating hospital admission. Other independent risk factors were cancer, renal failure, congestive heart failure, anemia or other hematologic disease, history of peptic ulcer disease, prior use of antihypertensive agents or antihyperglycemic agents, use of anticoagulants or cortico steroids at discharge, visit to gastroenterologist in prior year and bleeding other than gastrointestinal bleeding or hemorrhagic stroke in prior year. Women appeared to have a decreased risk of bleeding, as did patients who underwent angioplasty during the index admission.
The crude rates of bleeding associated with ASA use and with clopidogrel and ASA use in our study were lower than the rates of bleeding found in the CURE (Clopidogrel in Unstable Angina to Prevent Recurrent Events) study (2.7% among those taking placebo and ASA, and 3.7% among those taking clopidogrel and ASA for at most 12 months, which implies that the rates per 100 patient-years would be even higher). 32 This is surprising when one considers that the CURE study excluded patients at high risk of bleeding. The long follow-up of our study and perhaps the noncompliance of patients with the prescription regimen may have had an impact on the low event rate. If indeed the rate of bleeding is more
1840
CMAJ, November 8, 2011, 183(16) pronounced during the first month of treatment, as some studies have suggested, 18 then a followup period stretching over several years would likely dilute this effect.
Some previous studies have reported an increased risk of bleeding associated with SSRIs with higher affinity to serotonin. 25 In contrast, we found similar risks of bleeding for SSRIs of high and intermediate affinity, which suggests that affinity to serotonin did not play an important role in the drug interactions of SSRIs and antiplatelet agents. Inhibition of cytochrome P450 by certain SSRIs has also been associated with increased risk of drug interactions causing bleeding; 21 however, this hypothesis could not be verified in our study because of the limited number of patients using combinations involving these SSRIs.
Limitations
Our study has several limitations. First, its de sign is observational in nature. Selection bias is a major issue in such studies because patients' physicians determine treatment after myocardial infarction based on the risk-benefit ratio of the medications for these patients. Although our model adjusted for patient characteristics at baseline, some selection bias may have remained because of possible differences in unmeasured characteristics, such as patient frailty. If this were true, it would have biased the results to ward a lower effect.
Second, because antiplatelet therapy is recommended for use in all patients following acute myocardial infarction unless contraindicated because of a high risk of adverse events, we did not include patients who were not using antiplatelet therapy.
Third, it may be that patients at increased risk of bleeding are more likely to have depression and re quire antidepressant therapy. Although our model adjusted for patient risk factors, residual bias may have remained.
Fourth, we depended on physician billing information to ascertain the patients' history of bleeding episodes in the year before the index admission. Minor bleeds often resolve on their own, and some physicians may not have included the diagnosis code on the bill for some episodes of bleeding before the index admission. If such patients were not prescribed dual anti platelet therapy because of their in creased risk of bleeding, misclassification might have biased our results toward a lower effect of dual antiplatelet therapy.
Fifth, we did not account for the potential use of over-the-counter ASA. However, because we included only patients who were taking prescribed anti platelet therapy, these patients likely did not use over-the-counter ASA because they had financial incentives to use the prescribed medication.
Finally, our analysis established only that patients filled their prescriptions, not that they took their medications. Our inability to confirm compliance with the prescribed treatment regimens is a potential source of bias.
Conclusion
Use of an SSRI with any form of antiplatelet therapy (ASA or clopidogrel, or both) was associated with an increased risk of bleeding among patients following acute myocardial infarction, beyond the risk associated with the antiplatelet therapy alone. Ultimately, clinicians must weigh the benefits of SSRI therapy against the risk of bleeding in patients with major depression following acute myocardial infarction. Clinicians should exercise caution when prescribing SSRIs to their patients with major depression following acute myocardial infarction. The potential for drug interactions must be evaluated to guide the choice of medication.
